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(57) ABSTRACT

A method is disclosed for localizing a surveying instrument
having a housing including at least one camera in relation to
a mark located at a ground level. The method comprises the
steps of capturing a first image of the ground below the
housing in a first camera position and orientation, wherein the
first camera position is eccentric to a vertical rotational axis of
the surveying instrument, identifying an object point corre-
sponding to the mark in the first image, measuring first image
coordinates of the object point in the first image. The method
further comprises the steps of capturing a second image of the
ground below the housing in a second camera position and
orientation, identifying in the second image, an object point
corresponding to the mark, and measuring second image
coordinates of the object point in the second image. The
height of a rotation center of the surveying instrument above
the mark is then determined based on the first camera position
and orientation, the first image coordinates, the second cam-
era position and orientation, the second image coordinates,
and camera calibration data. Furthermore, a surveying instru-
ment for performing the method is disclosed.
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1
LOCALIZATION OF A SURVEYING
INSTRUMENT IN RELATION TO A GROUND
MARK

TECHNICAL FIELD

The present invention relates to a method for localizing a
surveying instrument, such as a total station, in a coordinate
system, for instance a ground-based coordinate system. In
particular, the present invention relates to a method for deter-
mining the height, in relation to a mark located at the ground
level, of a surveying instrument having a housing including at
least one camera and a method for localizing the surveying
instrument in relation to the mark.

BACKGROUND

The art of surveying involves the determination of
unknown positions, surfaces or volumes of objects using
measurements of angles and distances. In order to make these
measurements, a surveying instrument frequently comprises
an electronic distance measurement unit (EDM unit) which
may be integrated in a theodolite, thereby forming a so-called
total station. A total station combines electronic, optical and
computer techniques and is furthermore provided with a com-
puter or control unit with writable information for controlling
the measurements to be performed and for storing data
obtained during the measurements. A typical total station
comprises a base with tribrach mounted on a tripod, an
alidade mounted on the base for rotation about a vertical axis
and a center unit mounted on the alidade for rotation about a
horizontal axis. The center unit of the total station comprises
a telescope and optical elements for aiming at a target. In
particular, the center unit is provided with an EDM unit which
operates generally in the direction of the optical axis of the
center unit, i.e. along the line of sight. In, for example, WO
2004/057269 by the same applicant, such a total station is
described in more detail. Preferably, the total station calcu-
lates the position of a target in a coordinate system, e.g. a fixed
ground-based coordinate system. However, as the total sta-
tion measures the position of the target relative to its own
position, the position (or location) of the total station in the
fixed ground-based coordinate system needs to be known.

According to a first alternative, the position of the total
station in a fixed ground-based coordinate system may be
determined by a method called “free stationing”. In this
method, the surveying instrument is placed at an arbitrarily
chosen location in the coordinate system (e.g. at a worksite).
First, a leveling procedure is performed such that the total
station is not tilted when mounted on the tripod. In particular,
it is determined whether the vertical rotational axis (nadir) of
the total station is aligned with a vertically plumbed axis, i.e.
the nadir of the instrument extends vertically. Then, the direc-
tions, i.e. the vertical and horizontal angles, and optionally the
distances to two (or more) targets placed at two (or more)
known points of the ground-based coordinate system are
measured. These known points may also be called control
points. The control points of the ground-based coordinate
system correspond to reference points or reference marks
located at the ground level, and the coordinates of these
control points in the ground-based coordinate system are
known. Once the directions to these two (or more) control
points are obtained, the location of the total station, i.e. the
location coordinates of the total station, in the ground-based
coordinate system can be determined. A drawback of free
stationing is that it is difficult to retrieve the location at which
the total station is initially positioned if the total station needs
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to be moved to another position and then moved back to the
initial position for e.g. acquisition of further measurements.
Marking on the ground of the location at which a total station
is positioned is difficult to achieve with high accuracy.

According to another alternative, the total station may be
directly positioned above a control point of the ground-based
coordinate system. However, an accurate positioning of the
total station above such a control point is a quite tedious
procedure. First, the tripod is approximately set over the
control point and roughly leveled. The total station is then
mounted on the tripod and centered above the control point by
looking through the eye piece of an optical plummet. The eye
piece provides a view with a center mark that allows centering
of the total station directly over the control point. The final
centering is performed according to an iterative procedure
during which a surveyor slides the total station over the tripod
(e.g. by moving the tribrach) until the total station is centered
over the control point, i.e. with the center mark seen in the eye
piece over the control point. Once the total station is centered
and leveled, the total station is firmly attached to the tripod. At
this stage, the coordinates (x, y) of the total station in the
ground-based coordinate system are known and correspond
to the coordinates of the control point. However, a complete
localization of the total station requires also a determination
of the height at which the total station is located and an
orientation of the direction at which the total station is point-
ing. The height is normally determined using a measuring
tape or a similar device; however, the accuracy of such a
measurement is usually limited, thereby decreasing the accu-
racy of the measurements later made by the surveying instru-
ment. The orientation of the total station is achieved by point-
ing the center unit of the surveying instrument at another
control point (having a known position) located at a remote
distance from the total station and determining the horizontal
angle of the total station to this control point.

In summary, the prior art methods described above are
tedious, of limited accuracy, time consuming and not user
friendly.

Thus, there is a need for providing new methods and sys-
tems that would overcome these problems.

SUMMARY

An object of the present invention is to wholly or partly
overcome the above disadvantages and drawbacks ofthe prior
art and to provide a more efficient alternative to the above
techniques and prior art.

More specifically, it is an object of the present invention to
provide a method for localizing a geodetic (or surveying)
instrument in relation to a mark located at a ground level (also
called ground mark or mark in the following) under the instru-
ment and a geodetic instrument thereof.

A particular object of the present invention is to provide a
method and surveying instrument for facilitating the mea-
surement of the height of the instrument above the ground and
in particular the height above the mark located at the ground
level.

Another object of the present invention is to provide a
method and surveying instrument facilitating the localization
of the surveying instrument in relation to the mark located at
the ground level, i.e. the determination of the relative three-
dimensional coordinates of a rotation center of the surveying
instrument in relation to the ground mark.

Another object of the present invention is to provide a
method and surveying instrument for reducing the time
required for localization of the surveying instrument in a
coordinate system. The coordinate system may be a ground-
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based coordinate system or a coordinate system where refer-
ence points are determined by GPS.

Another object of the present invention is to provide a
method and surveying instrument for increasing the accuracy
in localization of the surveying instrument in a coordinate
system.

Another object of the present invention is to provide a
method and surveying instrument for facilitating the retrieval
of'the position of the instrument after it has been moved from
said position.

These and other objects of the present invention are
achieved by means of a method, a surveying instrument and a
computer program product having the features defined in the
independent claims. Preferable embodiments of the invention
are characterized by the dependent claims.

Throughout the application, the terms “geodetic instru-
ment”, “surveying instrument” and “total station” will be
used interchangeably. Further, the terms “position” and
“location” will also be used interchangeably.

Hence, according to a first aspect of the present invention,
amethod for localizing a surveying instrument having a hous-
ing including at least one camera is provided. The method
comprises the steps of capturing a first image of the ground
below the housing in a first camera position and orientation,
wherein the first camera position is eccentric to a vertical
rotational axis of the surveying instrument, identifying an
object point corresponding to the mark in the first image, and
measuring first image coordinates of the object point in the
first image. The method further comprises the steps of cap-
turing a second image of the ground below the housing in a
second camera position and orientation, identifying, in the
second image, an object point corresponding to the mark, and
measuring second image coordinates of the object point in the
second image. The height of the rotation center of the survey-
ing instrument above the mark is then determined based on
the first camera position and orientation, the first image coor-
dinates, the second camera position and orientation, the sec-
ond image coordinates, and camera calibration data.

According to a second aspect of the present invention, a
geodetic instrument is provided. The geodetic instrument
comprises at least one camera adapted to capture a first image
of'the ground below the housing in a first camera position and
orientation and a second image of the ground below the
housing in a second camera position and orientation. The first
camera position is eccentric to the vertical rotational axis of
the surveying instrument. The surveying instrument further
comprises an identifying unit adapted to identify an object
point corresponding to a mark located at a ground level under
the instrument in the captured images, a measuring unit
adapted to measure first and second image coordinates of the
object point in the first and second images, and a processor
adapted to determine the height of the rotation center of the
surveying instrument above the mark based on the first posi-
tion and orientation, the first image coordinates, the second
position and orientation, the second image coordinates, and
camera calibration data.

According to a third aspect of the present invention, there is
provided a computer program product comprising computer
program code portions adapted to perform the method in
accordance with the first aspect of the present invention when
loaded and executed in a computer.

The present invention makes use of an understanding that
the relative coordinates of a mark located at the ground level
in relation to a rotation center of a surveying instrument can
be determined by the surveying instrument using the eccen-
tricity of at least one camera for capturing two images in two
known camera positions and orientations, and identification
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of an object point and the coordinates thereof in the two
images together with camera calibration data. The present
invention makes also use of an understanding that the very
accurate measurements of the relative coordinates of a ground
mark can be used for measuring the height of the instrument
and for surveying instrument stationing.

According to an embodiment, the method of the present
invention further comprises the step of determining the rela-
tive two-dimensional coordinates, in a horizontal plane, of the
rotation center of the surveying instrument in relation to the
mark based on the first camera position and orientation, the
first image coordinates and camera calibration data, and/or
the second camera position and orientation, the second image
coordinates and camera calibration data. In other words, after
determination of the height of the instrument above the
ground mark, the two-dimensional coordinates of the rotation
center of the instrument, in a horizontal plane, may be deter-
mined based on information and data related to at least one of
the two captured images. As long as the height has been
determined, information regarding one of the two captured
images and camera position is sufficient to determine the
two-dimensional coordinates using trigonometry. In this con-
text, it may be advantageous to compare the quality of the two
captured images and select the captured image providing the
highest quality in terms of e.g. resolution. However, both
images may also be used to determine the two-dimensional
coordinates of the rotation center of the instrument. As a
result, the relative three-dimensional coordinates of the rota-
tion center of the instrument in relation to the ground mark are
determined.

The present invention is based on the use of triangulation to
obtain the relative coordinates of a ground mark in relation to
a rotation center of the instrument. In the present invention, a
baseline for triangulation is obtained by the points corre-
sponding to the first position of the at least one camera and the
second position of the at least one camera. In this respect, it is
noted that the length of the baseline determines the accuracy
in measuring the height and coordinates of the total station,
where a long baseline provides a higher accuracy than a short
baseline. The length of the baseline is known by calibration
since the position of the camera in relation to the vertical
rotational axis of the instrument is known by calibration, i.e.
measured after assembly of the instrument. The angular ori-
entation of the camera in relation to the baseline is also
calibrated and may be measured after assembly of the instru-
ment. Such calibration data can be stored in the instrument.

According to an embodiment, the method of the present
invention further comprises the step of orienting the horizon-
tal pointing direction of the surveying instrument by aiming at
a reference point located at a remote position from the sur-
veying instrument, wherein the reference point is located at a
known location in a coordinate system. The orientation of the
surveying instrument to a known control point together with
the determination of the relative three-dimensional coordi-
nates of the surveying instrument in relation to the ground
mark result in a complete localization of the surveying instru-
ment in the coordinate system.

The present invention is advantageous in that it provides a
cheap and fast solution for determining the height and/or the
coordinates of a total station in relation to a ground reference
point. In particular, the present invention is advantageous in
that the total station does not need to be physically positioned
over the mark located at the ground level with high accuracy.
It is indeed enough to position the total station, and tripod on
which the total station is mounted, such that the mark is
comprised within the field of view of the camera. The require-
ments on positioning of the total station are reduced since it is
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sufficient if the ground mark is located in the union of the field
of view provided by the camera in the first position and
orientation and the field of view provided by the camera in the
second position and orientation. The object point correspond-
ing to the ground mark is then comprised in the images
captured by the camera.

Any dislocation between the nadir of the instrument and
the ground mark may then be taken into account during the
measurements performed by the total station as the relative
position of the total station in relation to the ground mark is
determined in accordance with the method of the present
invention. As a result, a surveyor does not need to implement
any time-consuming procedure to exactly aligned the nadir of
the total station with the ground mark.

According to an embodiment, the second position is also
eccentric to the vertical rotational axis of the instrument,
which is advantageous in that assembly of the instrument is
facilitated since there is no need of arranging any new com-
ponent along the nadir of the instrument.

However, according to an embodiment, the second position
is coaxial with the nadir of the instrument.

According to the present invention, the at least one camera
is mounted eccentric with respect to the nadir of the total
station by means of a mechanical arrangement for folding out
the camera from the instrument housing such that the field of
view of the camera covers the area below the instrument. The
optical characteristics of the at least one camera and the first
and second sets of position and orientation are selected such
that the area between the legs of the tripod at the ground level
can be viewed in the images captured by the camera.

Arrangement of the at least one camera far from the nadir
of the instrument is beneficial since a broad view of the area
between the legs of the tripod is provided. The at least one
camera is preferably arranged such that the captured image
provides a view of the ground as seen from the outside of the
area defined by the legs of the tripod on which the instrument
is mounted. In such a configuration, the object points corre-
sponding to the legs of the tripod on the captured images
define the area in which the object point corresponding to the
ground mark is located.

Although the method of the present invention is defined
using two images in two different positions and orientations,
it will be understood that more than two images may be used
to localize the total station in a coordinate system, which is
advantageous in order to increase the accuracy in the deter-
mination of the height and/or the relative three-dimensional
coordinates of the instrument.

The method of the present invention may be implemented
when setting up the total station over a known reference point,
i.e. with the location of the mark located at the ground level
known in a coordinate system. In the present embodiment, the
method of the present invention is used to determine the
location of the total station in the coordinate system based on
the relative coordinates of the total station in relation to the
known ground mark.

Alternatively, if free stationing has been performed, a sur-
veyor may wish to localize the total station in relation to a new
(unknown) ground mark before setup disassembly. Accord-
ing to this embodiment, a surveyor places, with little accu-
racy, the new ground mark between the legs of the tripod (i.e.
below the instrument), and the coordinates of the center of the
total station relative to the new ground mark are determined in
accordance with the present invention. The coordinates of the
new reference point are then determined based on the coor-
dinates of the total station, which were obtained by free
stationing. In other words, according to the present embodi-
ment, the surveying instrument is positioned at a known loca-
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tion in a coordinate system and the location of a reference
point located at the ground level can be determined. The
coordinates of the new ground mark are recorded and the
surveyor may then come back to the new ground mark to
perform further measurements if necessary. It is then suffi-
cient to position the total station over the new ground mark
such that the images captured by the at least one camera
comprise the new ground mark. Alignment of the nadir of the
total station with the new ground mark is not required.

According to an embodiment, the housing of the surveying
instrument is rotated around its rotation center so that the at
least one camera is moved from the first camera position and
orientation to a second camera position and orientation. Even
though a rotation is undertaken prior to capturing the second
image, the rotation center of the surveying instrument is
retained in a fixed position when the second image is cap-
tured, i.e. in the same position as when the first image was
captured. The present embodiment is advantageous in that
only one camera is required to implement the method of the
present invention, thereby reducing cost of the instrument.

For example, the instrument may be turned around its
rotation center by an angle of 120 degrees to capture, with the
camera, three different images of the ground (between the
tripod legs) corresponding to three different sets of position
and orientation.

According to another embodiment, the surveying instru-
ment comprises at least two cameras of which a first camera
is arranged in the first camera position and orientation and a
second camera is arranged in the second camera position and
orientation. According to an embodiment, the second camera
may be positioned eccentric to the vertical rotational axis of
the surveying instrument.

However, according to another embodiment, the second
camera may be positioned along the nadir of the instrument
(i.e. coaxial with the nadir of the instrument). In the present
embodiment, the camera arranged along the nadir provides
the relative position, in a horizontal plane, of the total station
in relation to the mark located at the ground level. According
to the present embodiment, the method further comprises the
step of capturing, with the image sensor arranged along the
nadir, an image of the ground below the housing of the instru-
ment. The determination of the relative position of the rota-
tion center of the instrument in relation to the mark comprises
the steps of identifying an object point corresponding to the
mark in the captured image, measuring the coordinates of the
object point in the captured image, and determining the rela-
tive two-dimensional coordinates of the rotation center of the
instrument in relation to the mark based on the determined
height, the measured coordinates of the object point and the
orientation and position of the image sensor in relation to the
vertical rotational axis of the instrument.

With respect to the embodiment in which the second cam-
era is coaxial with the nadir of the instrument, the calibration
data representative of the relation of the image sensor can be
determined by capturing a first image using the image sensor,
rotating the instrument around its vertical axis to a new rota-
tional position, capturing a second image using the image
sensor, and processing the first and second images to correlate
a nadir point for the instrument vertical rotational axis in
relation to the image sensor. In particular, the first and second
images may be captured at rotational positions substantially
180 degrees from each other.

Using two cameras, the first image and the second image
may be captured simultaneously, which is advantageous in
that the instrument does not need to be rotated, thereby ensur-
ing stability of the instrument during the capturing of the
images.
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The present invention also provides a total station which
comprises various means for carrying out the above-de-
scribed method.

In addition, the present invention can be implemented in a
computer program that, when executed, performs the inven-
tive method in a surveying instrument. The computer pro-
gram may, for example, be downloaded into a surveying
instrument as an upgrade. As will be understood, the inventive
method can be implemented for a surveying instrument using
software, hardware or firmware, or a combination thereof, as
desired in view of the particular circumstances.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following detailed description, reference is made to
the accompanying drawings, on which:

FIG.1isaside view of a surveying instrument according to
an embodiment of the present invention;

FIG. 2 schematically shows, in two dimensions, some of
the parameters of the surveying instrument used in the
method of the present invention;

FIG. 3 schematically shows an image or video frame that
may be captured by the camera and presented on a screen of
the instrument.

FIG. 4 is a general outline of the inventive method.

FIG. 5 is an outline of an implementation of the inventive
method.

FIG. 6 schematically shows a geodetic instrument accord-
ing to the present invention.

DETAILED DESCRIPTION

FIG. 1 illustrates schematically a total station 10 compris-
ing at least one camera positioned in a first camera position
101a and in a second camera position 10156 for capturing
images of the ground below the instrument (or housing of the
total station). According to the present invention, an object
point relating to a mark located at the ground level, denoted
by the letter P in the figures, is identified in images captured
by the camera of the surveying instrument.

With reference to both FIGS. 1 and 2, there is shown at least
one camera sensor 107, such as a CMOS camera or a CCD,
for capturing a first image centered about a first camera axis
102a in the first position 101a and for capturing a second
image centered about a second camera axis 1025 in the sec-
ond position 1015. The camera axis 102a, 1025 are perpen-
dicular to the camera sensor or plane in which the image is
formed on the sensor. The images are formed on the camera
sensor 107 by means of an optical system such as a lens 106.
As illustrated in FIG. 2, the first camera position 101a and the
second camera position 1015 define a baseline 105 having a
length b which corresponds to the distance between the first
camera position 101a and the second camera position 1015.
The first camera position 101a is eccentric with respect to the
vertical rotational axis 103 of the instrument, and in particular
the rotation center 104 located along the vertical rotational
axis 103 in FIG. 2, and the eccentricity of the first position
101a is determined by the distance to the vertical rotational
axis (or rotational center as shown in FIG. 2), which is equal
to half of the baseline in the embodiment shown in FIGS. 1
and 2. It is noted that, although the rotation center O of the
instrument located along the vertical rotational axis of the
instrument is shown to be aligned with the baseline in FIG. 2,
the rotation center O is not necessarily located along the
baseline 105.

Although not necessary, the second camera position 1014
may also be eccentric with respect to the vertical rotational

20

25

30

35

40

45

50

55

60

65

8

axis 103 of the instrument and the eccentricity of the second
position 1015 is determined by the distance to the vertical
rotational axis, which is also equal to half of the baseline in
the embodiment shown in FIGS. 1 and 2. However, the sec-
ond camera position 1015 may also be located closer to the
vertical rotation axis, e.g. closer to the rotational center 104
along the baseline. According to an embodiment, the second
camera position is coaxial with the nadir 103 of the instru-
ment.

The camera sensor is also characterized by its orientation
in the first and second positions, i.e. the angles o, o, respec-
tively. The angle ., is the angle formed between the camera
axis 102q of the first camera and the baseline 105 when the
camera sensor is in the first position, and the angle o, is the
angle formed between the camera axis 1025 of the second
camera and the baseline 105 when the camera sensor is in the
second position. These angles correspond to the angles at
which the camera is oriented to view the area located between
the legs of the tripod.

Itis noted that, for simplicity, FIGS. 1 and 2 show views of
the surveying instrument in two dimensions only. However, a
person skilled in the art would understand that the elements
and features shown in FIGS. 1 and 2 may be defined in terms
of other angles than those shown in the figures. For example,
the orientation of the camera may also be defined by the angle
formed by the image plane defined by the camera sensor
around the arm on which the camera is arranged. Alterna-
tively, the orientation of the camera may be defined with
respect to the vertical and horizontal axis of the instrument.

The camera optical axis should ideally be perpendicular to
the plane of the camera sensor 107 and the optical system
should be free from distortions or aberrations. However, this
is not the case in practice and this may be taken into account
by calibration of the image sensor.

FIG. 3 schematically shows an image captured by the cam-
era. Such image may be presented to an operator using the
surveying instrument, such that the operator may select the
image object point of the mark by clicking in the image or
otherwise indicating the desired object point.

General steps of the method according to the present inven-
tion are outlined in FIG. 4. The method is performed in a
surveying instrument comprising at least one camera and
starts with capturing, in a step S401, of a first image using the
camera in a first camera position and orientation, the first
camera position being eccentric to the vertical rotational axis
of the surveying instrument. In step S402, an object point
corresponding to a ground mark is identified in the first
image, which may be a snapshot or a frame of a video feed
captured by the camera. For example, the mark may be iden-
tified by selection by an operator clicking on a screen showing
the image captured by the camera, or in any other suitable way
of'indicating the mark with respect to the captured image. It is
also envisaged that the identification of the mark can be made
in other ways, such as edge detection or identification of mark
features. In the case where a new ground mark is placed under
the total station, the mark may comprise features such as
arrows for facilitating identification of the mark in the cap-
tured images. Once the mark has been selected by identifica-
tion of the object point in the first image in the step S402, first
image coordinates of the object point in the first image are
measured in a step S403.

The method then proceeds with capturing, in a step S404,
of a second image using the camera in a second camera
position and orientation, after which the object point identi-
fied in the first image is identified in a step S405 in the second
image. For example, the object point may be identified by
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selection by an operator clicking on a screen showing the
image captured by the camera, or preferably by means of
digital image processing.

Once the object point has been identified in the second
image in step S405, second image coordinates of the object
point in the second image are measured in a step S406.

Finally, the height of the rotation center of the total station
in relation to the mark located at the ground level is deter-
mined in a step S407 based on the first camera position and
orientation, the first image coordinates, the second camera
position and orientation, the second image coordinates, and
camera calibration data.

According to an embodiment, the relative two-dimensional
coordinates, in a horizontal plane, of the rotation center of the
surveying instrument in relation to the mark are determined
based on the first camera position and orientation, the first
image coordinates and camera calibration data. Alternatively
or in addition, the two-dimensional coordinates, in a horizon-
tal plane, of the rotation center of the surveying instrument in
relation to the mark are determined based on the second
camera position and orientation, the second image coordi-
nates and camera calibration data. Although it is sufficient to
use at least one of the data (i.e., camera position and orienta-
tion, image coordinates and camera calibration data) corre-
sponding to a single position, the two-dimensional coordi-
nates of the rotation center of the instrument may also be
determined based on the first camera position and orientation,
the first image coordinates, the second camera position and
orientation, the second image coordinates, and camera cali-
bration data.

It is noted that the method of the present invention can be
performed to either localize the surveying instrument in a
coordinate system if the mark located at the ground level is
positioned at a known location in the coordinate system or
localize the mark in the coordinate system if the surveying
instrument is positioned at a known location in the coordinate
system.

To further localize the surveying instrument, the method of
the present invention further comprises the step of orienting
the horizontal pointing direction of the surveying instrument
by aiming at a reference point located at a remote position
from the surveying instrument. The reference point used for
orienting the pointing direction is positioned at a known
location in the coordinate system.

Orientation of the direction from the surveying instrument
towards a reference point may be implemented using a tele-
scope ofthe surveying instrument or a camera mounted on the
housing of the instrument such that the field of view of the
camera comprises the reference point. The direction to the
reference point from the camera may be expressed as hori-
zontal and vertical angles (6%,6”) from the camera axis. For
this purpose, a function is provided in the instrument (or in an
associated control unit) that determines the direction to a
reference point or target from the camera by calculating the
horizontal and the vertical angles (6%,6”) based on pixel coor-
dinates in the image or video feed captured by the camera.
Hence, the function f that calculates the horizontal and ver-
tical angles (67,6”) based on image pixels can be described as

(0%,0)=Fx3C)

where X, y are the number of pixels (or more generally, pixel
coordinates) of the desired reference point or target in the
coordinate system of the camera, and C are calibration factors
to be determined for each system. The calibration factors C
include details about the camera, such as but not limited to, its
eccentricity to the rotation center of the total station and its
focal length. For a general description of how to calculate
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horizontal and vertical angles based on an image captured by
a camera in the instrument, reference is made to the above-
mentioned WO 2005/059473.

According to an embodiment, the surveying instrument
comprises only one camera. The surveying instrument is then
rotated around the rotation center so that the camera is moved
from the first camera position and orientation to the second
camera position and orientation. The second camera position
is also eccentric to the rotation center of the surveying instru-
ment. The first camera position is given by camera calibration
data in terms of the horizontal and vertical directions and
distances of the camera center to the instrument rotation
center. Further, the first camera orientation may be given by
calibration data in terms of angles related to the various axis
(vertical and horizontal axis) of the instrument or angles
related to the arm at which the camera is arranged. Thus, the
first camera position and orientation is determined by taking
into account the horizontal and vertical directions and dis-
tances of the camera center to the instrument rotation center,
i.e. camera calibration data in the form of eccentricity param-
eters.

According to another embodiment, the surveying instru-
ment comprises two cameras of which a first camera is posi-
tioned in the first camera position and orientation and a sec-
ond camera is positioned in the second camera position and
orientation. The first and second sets of camera position and
orientation are determined by taking into account the hori-
zontal and vertical directions and distances of the camera
center to the instrument rotation center, i.e. camera calibra-
tion data in the form of eccentricity parameters.

The distances between the vertical rotational axis (or rota-
tion center as shown in FIG. 2) and the camera positions and
the angles between the baseline and the image plane of the
camera in the first and second positions are preferably cali-
brated after assembly of the total station at the production
stage. It is envisaged to arrange the camera on an arm which
may be deployed (or fold out) from the instrument or instru-
ment housing to form a well defined angle with the baseline or
housing, such as shown in FIG. 1. It is also envisaged that,
alternatively, a number of well defined angles are selectable
by a surveyor such that the area covered by the field of view
of'the camera can be adjusted. Alternatively, a surveyor may
slide out from the housing of the instrument, in a horizontal
plane, the arm on which the camera is arranged.

The camera positions may also be adjustable at well
defined distances to the rotation center of the instrument by
means of e.g. a telescopic arm.

The instrument would then register the angles and dis-
tances corresponding to the first camera position and orien-
tation and corresponding to the second camera position and
orientation used when capturing the images and take these
data into account for determining the height and/or relative
coordinates of the total station in relation to the ground mark.

Further, other calibration data can be considered, for
example camera position independent parameters such as the
so-called camera constant representing distance between the
camera center and image plane and/or parameter of distor-
tion, which depends on the image position. The second cam-
era position and orientation can be derived from the rotation
together with camera calibration data.

An implementation of a surveying instrument according to
the present invention is schematically shown in FIGS. 1 and 2.
For simplicity, a side view of the surveying instrument is
shown in two dimensions.

The camera in the first position 101« has a camera center,
or projection center, indicated by O, and the camera in the
second position 1015 has a camera center, or projection cen-
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ter, indicated by O". The positions O' and O" are eccentric to
the location O of the rotation center of the instrument. It is to
be noted that the surveying instrument is shown having two
cameras sensors 107a, 1075 but that the present invention
may also be implemented with a single camera moved to
different positions by rotation of the surveying instrument
around its rotation center.

A first image is captured by the camera sensor, when the
camera center is located in a first camera position O' eccentric
to the location O of the rotation center of the surveying
instrument and having a first camera orientation. A mark
located at the ground level is selected by identifying an object
point in a position P' in the first image.

Once the mark has been selected by identification of the
object point in the first image, first image coordinates of the
object point in the first image are measured.

Then, a second image is captured by the camera sensor,
when the camera center is located in the second camera posi-
tion O" eccentric to the location O of the rotation center of the
surveying instrument and having the second camera orienta-
tion. The object point identified in the first image is identified
also in the second image in a position P".

Once the object point has been identified in the second
image, second image coordinates of the object point in posi-
tion P" in the second image are measured.

Finally, the height of the rotation center O of the surveying
instrument above the ground, i.e. in relation to the ground
mark, is determined based on the first camera position and
orientation, the first image coordinates, the second camera
position and orientation, the second image coordinates, and
camera calibration data.

FIG. 5 is an outline of an implementation of the inventive
method performed in a surveying instrument comprising one
or two cameras such as schematically disclosed in FIGS. 1
and 2. Input to the method are camera calibration data com-
prising camera and surveying instrument parameters. The
method starts in a step S501 with capturing of a first image of
the ground below the instrument using the camera in a first
camera position and orientation, said first camera position
being eccentric to a rotation center of the surveying instru-
ment, after which in a step S502 a mark located at the ground
level is selected by identifying an object point in the first
image corresponding to the mark. For example, the mark may
be identified by selection by an operator clicking on a screen
showing the image captured by the camera or automatic
detection. Furthermore, image coordinates for the object
point in the first image are measured.

After the object point has been identified, it is determined
in a step S503 if the object point can be identified using image
processing and recognition software. If it cannot it is deter-
mined if a pattern in the vicinity of the point is detectable. If
this is not the case the uncertainty is displayed in a step S505
and suitable alternative method is used in a step S506.

If a pattern can be detected or if the point can be identified
by software in the first image in step S503, the so called
epipolar line can be calculated in a step 507 using the first
camera position and orientation, the second camera position
and orientation, the first image coordinates, first and second
camera calibration data, a minimum distance Dmin and a
maximum distance Dmax. Then, it is determined in a step
S508 if the epipolar line is completely inside the second
image. If the epipolar line is partly outside the second image,
the algorithm in step S5095 assumes a new maximum dis-
tance Dmax that corresponds to the size of the camera sensor,
thereby reducing the length of the epipolar line thus com-
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prised within the second image. Then, the algorithm searches
for the object point along the epipolar line that is within the
second image. The maximum distance corresponds to a pos-
sible height of the total station over the ground, which for
example may be in the order of 0.5 to 3 meters. If the point
cannot be identified, a rotation is performed in step S510,
which is calculated from epipolar line data, the second cam-
era position and orientation and second camera calibration
data. The rotation has an effect that the epipolar line can be
located inside the second image. A revised second image will
be captured in a revised second camera position and orienta-
tion, such that the object can be identified in step S509¢ along
a new epipolar line. If in step S508 the epipolar line is com-
pletely inside the second image, the object point is identified
in step S509a by searching along the epipolar line in the
second image. For example, the object point may be identified
by selection by an operator clicking on a screen showing the
second image, or preferably by means of digital image pro-
cessing.

Once the object point has been identified in the second
image, second coordinates of the object point in the second
image are measured in a step S511. Coordinates of the mark
in relation to the rotation center of the surveying instrument
are determined based on the first camera position and orien-
tation, the first image coordinates, the second camera position
and orientation (or revised second camera position and ori-
entation), the second image coordinates, and camera calibra-
tion data. That is, the relative coordinates of the mark are
expressed in relation to the rotation center of the surveying
instrument (or in the coordinate system of the instrument).

Referring again to FIGS. 1 and 2, the surveying instrument
comprises two cameras, wherein a first camera is positioned
in a first camera position and orientation and a second camera
is positioned in a second camera position and orientation, or
a single camera rotated from a first camera position and
orientation to a second camera position and orientation. Each
camera has a camera center, or projection center, that is
eccentric to the vertical rotational axis (in particular the loca-
tion O of the rotation center) of the instrument, as shown in
the figures. However, as mentioned earlier, the instrument
may also comprise two cameras of which a first camera is
positioned in a first camera position eccentric to the vertical
rotational axis of the instrument and a second camera is
positioned in a second camera position coaxial with (or
along) the vertical rotational axis of the instrument.

A first image is captured in the first camera position, when
the first camera center is located in a first position O' eccentric
to the location O of the rotation center of the surveying
instrument and the first camera having a first camera orienta-
tion. A ground mark in position P is selected by identifying an
object point in a position P'(X', y') in the first image.

The distance between the first camera position and the
second camera position may be denoted b. A second image is
captured in the second camera position, the second camera
center being located in the second position O" eccentric to the
location O of the rotation center of the surveying instrument
and the camera having a second camera orientation. The
object point identified in the first image is identified in the
second image in a position P"(x", y").

The so called collinearity equations are used to estimate the
relative coordinates of P in relation to the rotation center of
the instrument. For a background of the deriving of the col-
linearity equations and of calibration of a camera reference is
made to WO 2005/059473.
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The measured coordinates P' in the first image can be
defined by the equations:

Foar (X = Xg )+ rags (Y = Yo ) & 1y (Z— Zeg )
T (X =X )+ 7oy (VYo ) + 799 (Z = Zr)
ri (X = Xo ) +rpr (Y =Yy ) + 150 (£ - Zy)
iy (X = Xo ) +ro3e (Y =Yy )+ 133 (Z = Zyy )

+Ax

X =x9—cg

+Ax

Y =yo—ck

The measured coordinates P" in the second image can be
defined by the equations:

rur(X = Xor) +ryr (Y = Yo )+ 13 (Z - Zyr)
K i (X = Xor )+ raz (Y = Yo ) + rssn (Z — Zayr)
Fian (X = Xor ) Fogr (¥ = Yo ) Pagr (Z = Zgr)
rign (X = Xor )+ rozr (Y = Yor ) + r33n (Z = Zor)

X" =xy—-c

¥ =Yo—ck +Ay

The following parameters are known from calibration:

Xos Yo; Zg: coordinates from camera position, '=first

image; "=second image.

r,: elements from rotation matrix (i=1
j=1...3), first image; "=second image.

Xo; Yo coordinates from the principle point (constant, inde-

pendent of camera position)

cx: camera constant (constant, independent of camera
position)

Ax, Ay: parameter of distortion. The distortion is known as
apolynomial of a higher degree. The distortion depends
of the image position and is independent of the camera
position.

All parameters are measured or known from camera cali-
bration except from X, Y, Z which are the coordinates of P.
Hence, there are three unknowns and four equations. X,Y, Z
can be determined with a least square method. It should be
noted that there is no limitation to two images to estimate the
location of point P, but at least two images are necessary.
Hence, two or more images may be used.

However, as mentioned above, once the height of the
instrument above the ground has been determined, it is suffi-
cient to determine the relative two-dimensional coordinates
of the instrument using information or data corresponding to
only one of the two captured images and camera positions.

It should be noted that once the mark has been selected by
identification of the object point in the first image, a first
direction r' to the mark from the first position O' of the camera
center can be determined.

Using this first direction r' together with a maximum dis-
tance D,,,,. (which may be in the order of 0.5-3 meters), and a
minimum distance D,,,,, (which may be selected as a single
baseline) along the direction r', a section of r' can then be
transformed into a section of a so called epipolar line in the
second image on which the object point should be located in
the second image. Hence, if a pattern has been recognized in
the first image around the position P' of the object point in the
first image, this pattern may be recognized in the second
image, e.g. by means of automatic image processing, by
searching along the section of the epipolar line in the second
image or in an area around that section. If in alternative, an
operator is to identify the mark in the second image, the
identification can be simplified by graphical indication of the
section of the epipolar line in the second image.

In FIG. 6, there is shown one example of a total station
according to the present invention. In many aspects, the total
station comprises features known from previous instruments.
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For example, the total station 600 shown in FIG. 6 comprises
an alidade 601 mounted on a base 602, and has a mounting
support structure in the form of a tripod 603. The alidade 601
can be rotated about a vertically oriented rotation axis V, in
order to aim the instrument in any desired horizontal direc-
tion. In the alidade, there is arranged a center unit 604, which
can be rotated about a horizontally oriented rotation axis H, in
order to aim the instrument in any desired vertical direction.
Measurements made using the total station 600 are typically
related to an origin of coordinates located at the intersection
between the vertically oriented and the horizontally oriented
rotation axes V and H.

For rotation of the alidade about the vertically oriented
rotation axis to aim the instrument in any desired horizontal
direction, there is provided drive means 605. The rotational
position of the alidade 601 is tracked by means of a graduated
disc 606 and a corresponding angle encoder or sensor 607.
For rotation of the center unit 604 about the horizontally
oriented rotation axis, there are provided similar drive means
608, graduated disc 609 and sensor 610.

As mentioned above, the instrument line of sight is cen-
tered at the intersection between the vertical and the horizon-
tal rotation axes, and this can be seen in the figure where these
axes cross in the center of a telescope 613 in the center unit
604.

The instrument may optionally comprise a display device
for showing the image captured by the camera. The display
device may be an integral part of the instrument, but more
preferably, the display device is included in a removable
control panel that can be used for remote control of the instru-
ment via short range radio. It is even conceivable that the
instrument is fully remote controlled, wherein the display
device may be in the form of a computer screen located far
away from the total station, and wherein information to and
from the instrument are transferred over a wireless computer
or radio telephone network.

The instrument can also be manually operated for aiming
towards a desired target located at a remote position from the
instrument using vertical and horizontal motion servo knobs
615 and 616.

According to the present invention, the instrument further
comprises at least one camera adapted to capture a first image
of'the ground below the housing in a first camera position and
orientation and a second image of the ground below the
housing in a second camera position and orientation, means
for identifying or an identifying unit adapted to identify an
object point corresponding to a ground mark in the captured
images, measuring means or a measuring unit adapted to
measure first and second image coordinates of the object
point in the first and second images, and a processor adapted
to determine the height of the rotation center of the surveying
instrument above the mark based on the first position and
orientation, the first image coordinates, the second position
and orientation, the second image coordinates, and camera
calibration data.

The means for identifying the object point in the captured
image may take the form of a cursor that can be moved across
the display. Alternatively, the display may be a touch display,
where the object point is identified by simply clicking or
tapping on the display. This is preferred for the identification
of'the object point in the first image.

The means for identifying the object point may include
further functionality implemented in the form of image pro-
cessing software. In such case, the further functionality
would be that object points may be identified based on certain
features in the captured image, for example markers or pat-
terns located at the desired ground mark. For example, an
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object point identified in a first image may be automatically
identified in a second image based on patterns identified in the
first image. In case the object point is automatically identified
by the instrument, the user may be given the option to give a
confirmation that the identified object point is correct before
or during the aiming and measuring procedures. This is pre-
ferred for the identification of the object point in the second
image.

Further, in order to facilitate the selection of the object
point, it is preferred that, after the height of the instrument has
been determined, it is indicated in the screen image the point
corresponding to the instrument nadir, for example using a
cross-hair such as shown in FIG. 3, a dot or similar. It is noted
that the point in the screen image corresponding to the posi-
tion of the instrument nadir depends on the height of the
instrument.

According to an embodiment, a structured object may be
arranged on the mark for facilitating identification of the
object point in the captured images. The structured object
may be an object comprising, for instance, an easily identifi-
able pattern such as concentric circles. The structured object
may alternatively be a coin which also can provide an image
with increased contrast in the area of the captured image
corresponding to the mark. As the structured object is placed
on top of the mark, the thickness of the structured object is
taken into account when determining the height of the instru-
ment over the ground (in relation to the mark).

Further, it is also envisaged that the height is determined
using object points in the captured image corresponding to a
number of points surrounding the mark and not necessarily
the object point corresponding to the mark.

The means for measuring image coordinates of the object
point in the displayed images, and the means for determining
coordinates of the ground mark in relation to the rotation
center of the surveying instrument are preferably imple-
mented in the form of computer program code that is executed
in a processor. However, implementation may also be made in
dedicated hardware, such as in a special purpose micropro-
cessor or a digital signal processor (DSP), firmware or simi-
lar.

The means for rotating the instrument is preferably imple-
mented in association with the servo control system for the
instrument for controlled activation of the drive motors 605
and 608 (see FIG. 6).

While specific embodiments have been described, the
skilled person will understand that various modifications and
alterations are conceivable within the scope as defined in the
appended claims.

The invention claimed is:
1. A method for localizing, in relation to a mark located at
a ground level, a surveying instrument having a housing
including at least one camera, said method comprising:
capturing a first image of the ground below the housing in
a first camera position and orientation, said first camera
position being eccentric to a vertical rotational axis of
the surveying instrument;
identifying an object point corresponding to the mark in the
first image;
measuring first image coordinates of the object point in the
first image;
capturing a second image of the ground below the housing
in a second camera position and orientation;
identifying, in the second image, the object point corre-
sponding to the mark;
measuring second image coordinates of the object point in
the second image; and

16

determining the height of a rotation center of the surveying
instrument above the mark based on the first camera
position and orientation, the first image coordinates, the
second camera position and orientation, the second

5 image coordinates, and camera calibration data.

2. The method of claim 1, further comprising determining
the relative two-dimensional coordinates, in a horizontal
plane, of the rotation center of the surveying instrument in
relation to said mark based on the first camera position and
orientation, the first image coordinates and camera calibra-
tion data and/or the second camera position and orientation,
the second image coordinates and camera calibration data.

3. The method of claim 1, further comprising:

orienting a horizontal pointing direction of said surveying

instrument by aiming at a reference point located at a
remote position from said surveying instrument, said
reference point having a known location in a coordinate
system.

4. The method of claim 1, wherein at least one of the mark
located at the ground level and the surveying instrument is
positioned at a known location in a coordinate system.

5. The method of claim 1, further comprising:

rotating said housing around the rotation center so that the

at least one camera is moved from the first camera posi-
tion and orientation to a second camera position and
orientation, said second camera position being eccentric
to the vertical rotational axis of the surveying instru-
ment, while retaining the rotation center of the surveying
instrument in a fixed position.

6. The method of claim 1, wherein said instrument com-
prises at least two cameras of which a first camera is arranged
in said first camera position and orientation and a second
camera is arranged in said second camera position and orien-
tation, said second camera position being eccentric to the
vertical rotational axis of the surveying instrument.

7. The method of claim 1, wherein said instrument com-
prises at least two cameras of which a first camera is arranged
in said first camera position and orientation and a second
camera is arranged in said second camera position and orien-
tation, said second camera position being coaxial with the
vertical rotational axis of the surveying instrument.

8. The method of claim 1, wherein identifying, in the sec-
ond image, the object point identified in the first image com-
prises:

determining an epipolar line in the second image on which

the object point is located based on the first camera
position and orientation, the second camera position and
orientation, the first image coordinates, and camera cali-
bration data; and

identifying, along the epipolar line in the second image, the

object point identified in the first image.
9. The method of claim 8, wherein identifying, in the sec-
ond image, the object point identified in the first image further
comprises:
selecting a minimum distance and a maximum distance
from the first camera position along an imaging ray of
the mark in the first image, between which minimum
distance and maximum distance the mark is located;

determining, based on the maximum distance and the mini-
mum distance, a section of the epipolar line in the second
image on which the object point is located; and

identifying, along the section of the epipolar line in the
second image, the object point identified in the first
image.
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10. The method of claim 8, further comprising:

determining whether the epipolar line is completely inside

the second image.

11. A method for localizing, in relation to a mark located at
a ground level, a surveying instrument having a housing
including at least one camera, said method comprising:

capturing a first image of the ground below the housing in

a first camera position and orientation, said first camera
position being eccentric to a vertical rotational axis of
the surveying instrument;

identifying an object point corresponding to the mark in the

first image;

measuring first image coordinates of the object point in the

first image;

capturing a second image of the ground below the housing

in a second camera position and orientation;
identifying, in the second image, the object point corre-
sponding to the mark;

measuring second image coordinates of the object point in

the second image;
determining the height of a rotation center of the surveying
instrument above the mark based on the first camera
position and orientation, the first image coordinates, the
second camera position and orientation, the second
image coordinates, and camera calibration data;

selecting a minimum distance and a maximum distance
from the first camera position along an imaging ray of
the mark in the first image, between which minimum
distance and maximum distance the mark is located;

determining, based on the maximum distance and the mini-
mum distance, a section of the epipolar line in the second
image on which the object point is located;
determining whether the epipolar line is completely

inside the second image;
rotating, if the epipolar line is not completely inside the
second image, the surveying instrument around the rota-
tion center based on epipolar line data, the second cam-
era position and orientation and second camera calibra-
tion data to a revised second camera position and
orientation in order to obtain a new epipolar line within
a revised second image;

capturing the revised second image using the camera in the
revised second position and orientation; and

identifying, along the new epipolar line in the revised sec-
ond image, the object point identified in the first image.

12. The method of claim 1, wherein the object point is
identified in the images by means of operator selection or
automatic image analysis.

13. A non-transitory computer readable medium program
product comprising computer program code portions adapted
to perform the method of claim 1 when loaded and executed
in a computer.

14. A surveying instrument, comprising:

at least one camera adapted to capture a first image of the

ground below the housing in a first camera position and
orientation and a second image of the ground below the
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housing in a second camera position and orientation,
said first camera position being eccentric to the vertical
rotational axis of the surveying instrument;

an identifying unit adapted to identify an object point cor-

responding to a mark located at a ground level under said
instrument in the captured images;

ameasuring unit adapted to measure first and second image

coordinates of the object point in the first and second
images; and

a processor adapted to determine the height of a rotation

center of the surveying instrument above the mark based
on the first position and orientation, the first image coor-
dinates, the second position and orientation, the second
image coordinates, and camera calibration data.

15. The surveying instrument of claim 14, wherein said
processor is further adapted to determine the relative two-
dimensional coordinates, in a horizontal plane, of the rotation
center of the surveying instrument in relation to said mark
based on the first camera position and orientation, the first
image coordinates and camera calibration data, and/or the
second camera position and orientation, the second image
coordinates and camera calibration data.

16. The surveying instrument of claim 14, wherein said
processor is further adapted to orientate the horizontal point-
ing direction of said instrument in relation to a reference point
located at a remote position from said surveying instrument,
said reference point having a known location in a coordinate
system.

17. The surveying instrument of claim 14, wherein at least
one of the mark and the surveying instrument is positioned at
a known location in a coordinate system.

18. The surveying instrument of claim 14, further compris-
ing:

arotating unit adapted to rotate, while retaining the rotation

center of the surveying instrument in a fixed position, the
surveying instrument around the rotation center of the
surveying instrument so that the camera is moved from
the first camera position and orientation to the second
camera position and orientation, said second camera
position being eccentric to the vertical rotational axis of
the instrument.

19. The surveying instrument of claim 14, comprising at
least two cameras of which a first camera is arranged in said
first camera position and orientation and a second camera is
arranged in said second camera position and orientation, said
second camera position being eccentric to the vertical rota-
tional axis of the instrument.

20. The instrument of claim 14, wherein the identifying
unit is implemented as a cursor movable across the displayed
images, using image processing software or using a touch
display where the object point is identified by clicking or
tapping on the display.

21. The method of claim 1, wherein at least one of the first
and second camera positions is a position located external to
the housing and at a desired distance from the housing.
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